Various aspects of reproductive performance in a cat colony are analysed in order to provide a basis for future studies. The aspects considered are: effect of mortality on litter size at different stages, and differential effect of losses on sex ratio of kittens reared; trend in litter size for successive parities; monthly variation in frequency of litters and litter size; output of kittens per queen per year.
Little detailed information is available on the reproductive performance of the domestic cat bred under laboratory conditions. The main reason for this is that, in England at least, the breeding of cats under such conditions is a comparatively recent venture. However, several colonies are now firmly established and enjoy excellent records of freedom from enzootic and epizootic disease, and of steady production of kittens. This paper describes the performance of a colony over a lO-year period of continuous breeding AND H. W. COX (1958/9 to 1968) . The function of the Allington Farm colony is the production of healthy cats for research.
An effort has been made to achieve maximum productivity with the minimum of effort.
MATERIALS AND METHODS
A large room was set aside for mating, containing 4 adult and 2 immature males. The number of females was variable, depending upon the expected demand, but was normally in the region of 35 to 45 individuals.
When obviously pregnant, the female was isolated to raise her litter, and not returned to the mating room until her young were weaned.
Usually, this was when the kittens were between 8 and 9 weeks of age but this period may be extended by as much as 14 days depending on circumstances.
No attempt was made to mate females to particular males nor were records kept of dates or frequency of copulation.
In the early days of the colony the diet consisted of potatoes and condemned meat which were boiled and minced together; a sprinkling of salt and appropriate minerals were added.
Later, condemned meat became scarce and the cost of preparing the diet became relatively high. In October 1964 a proprietary tinned food of known nutritional composition was adopted, itself already supplemented with those vitamins and minerals that are normally deficient in cooked meat. A certain amount of soaked dog meal was added to the tinned food.
Over the last 3 years a small quantity of fresh ox liver has been fed once weekly. Separate bowls of dry cat peIlets were always available to the cats. liquids consisted of reconstituted whole milk and water. The brand of tinned food was changed from time to time but there has been no indication of significant changes in the performance of the colony as a result.
The stock was housed in prefabricated concrete huts, with background heating supplied by conventional hot-water radiators. Temperature was mainly controlled by warm air entering via ducts which, by and large, maintained the level between 60 and 70°F (15-21°C). However, during severe weather temperature could drop some 10°F (6°C); on the other hand, it could rise some lSOF (8°C) for short periods during the summer.
Illumination was by daylight, supplemented by fluorescent strip lighting which was regulated by a time switch to give a total of 14 hours continuous light. A detailed description of the colony has been given by Paterson (I 963) .
RESULTS

Sex ratio
Of the 3932 kittens which have been classified for sex, 48.9±0.8 (SE) per cent are males, giving a sex ratio of 95.7 ± 1.6 per 100 females. These figures are very close to equality for the sexes and, indeed, do not differ significantly from a 1: 1 ratio. A high proportion of stillborn kittens could not be sexed, but of those which were, 42 were males and 64 were females, a ratio of 65.6±8.1 males per 100 females. It was possible to record the sex of most of the kittens which died between birth and weaning.
These consisted of 208 males and 261 females, a ratio of 79.7 ±4.1 males per 100 females.
The sex ratio for 3357 live kittens weaned and sexed was 99.3 ± 1.7 males per 100 females.
It would seem that a higher proportion of females are stillborn and a higher proportion die before weaning.
A comparison of the sex ratio of stillborn to that of kittens weaned reveals a significant (P<0.05) difference (X2=4.3, d.f.=I); a comparison of the proportion lost prior to weaning with the proportion weaned also revealed a significant (P< 0.05) difference (X2=4.9, d.f. = I). When the first 2 groups are combined and compared with live weaners, the difference in proportions is highly significant (P< 0.01, X2=7.9, d.f. = I). No trend in the proportion of males to females could be discerned for the incidence of stillbirths, nor of pre-weaning loss, for successive litter sizes. symmetrically distributed and the observed proportion of males is so close to one half that the frequencies are in excellent agreement with expectation. This agreement indicates an absence of trend in proportion of males for successive increases of litter size. An analysis of proportion of males in all first compared to all second litters, and so forth, also revealed an absence of trend. The proportion varied for successive parities, but not excessively and evidently non-significantly (X 2= 15,8, d,f, = 18).
Size of litter
Over the period under review, 973 litters were recorded, albeit not always completely, but in the main for sex, number of stillborn, losses before weaning, and numbers of live kittens weaned.
The percentage distribution of successive litter sizes is shown by The 3 distributions in Fig. I are unimodal, the modal litter being that of 4 young. The distribution of frequencies for total young born approximates a normal curve but, after allowance for 2 categories of loss, the frequencies are perceptibly shifted towards the smaller litters. There is also a steady reduction in the height of the mode and a slight flattening of the frequencies.
These features are evident from the mean litter sizes (±SE) of 4.20±O.05, 4.07 ±O.05 and 3.65 ±O.05 for the 3 distributions and their respective coefficients of variation, 36, 39 and 41. The means indicate that the greatest effect is brought about by pre-weaning loss; the reduction is about thrice as great as the number of stillbirths, whether assessed in terms of lost kittens or affected litters. Of course, the pre-weaning losses occur over a much longer period.
It is impossible to assess the amount of foetal atrophy which may be present in the colony.
The only available data on the number of eggs liberated by the ovaries for the cat seems to be that of G. Gros (1936. Le cycle genital de la chatte. Thesis, Universite d' Alger). His data reveal a range of I to 7 eggs per female, a mode at 5 eggs and a mean of 4.12±0.1. The mean of 4.2 kittens for the present data is only slightly and insignificantly different.
It can hardly be imagined that foetal atrophy is absent, but these figures imply that the incidence is small. Table 2 reveals an inverse relationship between the chances of a litter having stillborn young and subsequent pre-weaning loss. This result implies that the role of the mother as a cause of total losses is probably small. Rather, it could imply that while the majority of deaths result from fortuitous mishaps, a significant proportion could result from the constitution of the individual kitten.
For example, certain young are inherently weak, due to genotype or an uterinal factor, and for these death may occur at parturition or, if this is avoided, at a subsequent stage.
Although there is the occasional loss of an entire litter of almost any size, this is rare. In general, loss of kittens results from mishaps to individual young, arising apparently from a variety of causes. The most frequent loss is a single kitten per litter, followed in larger litters by a sharp fall to 2 and 3 kittens per litter. Losses of 4 or more are very rare. This is shown by the mean death per litter, which is 1.5 young for stillbirths and 1.5 young for pre-weaning loss. AND H. W. COX There is little variation from the mean over the range of litter size from 1 to 7, either for stillbirths or for pre-weaning loss. There is, however, a sharp increase for pre-weaning loss for litter sizes of 8 to 10 but, as litters of this size are infrequent, there is little effect on the mean.
Obviously, the mother would be confronted with special difficulties in coping with litters of this size; difficulties which are resolved by a reduction of litter size to a more manageable number.
Sequences of litters
A feature of the data is the long sequences of litters which have been obtained for some females.
These sequences furnish information on the long-term performance of the cat. The data has been reduced to a series of curves shown in Figs 2 and 3. The most interesting items are the total number of young born and the number weaned (total born less stillbirths and pre-weaning loss). Fig. 2 shows mean litter sizes (in a progressively diminishing number of females) for 18 successive litters, plus a grouping for litters 19 to 23-as yet, few queens have reached this extreme number of litters.
The results for these tended to be erratic and the grouping, if anything, may have obscured a suspected decline due to age of the mother from litter 17 onwards. The most fundamental curve is that for mean number of total young born in that it reveals the reproductive potential, so to speak, of the colony.
The upper curve of Fig. 2 implies that the size of the first litter is relatively low but rises steadily to a peak at the fourth litter. This is followed by a fall to the seventh litter, only to increase again to a new high at the ninth litter. Thereafter, an erratic but slow decline sets in. The variability about these means is remarkably constant over the whole sequence, ranging from 2 to 7 young (ignoring the first litter where the range is lower-from 1 to 6 young-and the occasional litter of only 1 kitten or over 8 kittens).
The fluctuation of parity means is due to these outlying litters since a modal frequency of 4 young is shown by 14 of the 19 successive litters. There is an apparent stability for the bulk of the observations.
The tendency for the means to show a periodic variation is suggestive, but whether this is just chance variation due to the diminishing number of queens, response to an environmental factor, or an inherent rhythm of the female cat, has yet to be discovered.
Source
Regression Deviation Residual (error) An analysis of variance was undertaken to check on a detectable trend in the means of the sequence of litters but the results were negative (Table 3) , presumably because the change is too small compared with the overall variation. The regressive item in the analysis is very small. A quadratic regression gives a better partition of the sum of squares but, even so, the regression is non-significant.
The results can be adequately represented for statistical purposes by a linear regression curve (4.13+0.01 n for litter size of the nth litter), but possibly a quadratic function may be more meaningful in that the initial rise and subsequent fall in litter size can be expressed.
The following function was derived from the data: 4.1 3+0.02n-0.00In 2.
The curve representing the mean number of kittens weaned follows that for births fairly faithfully until almost the end of the sequence of litters. At this stage, presumably, the advanced reproductive age of the mother begins to exert an effect. From the 13th litter onwards, the gap between the 2 curves becomes wider; not a great deal, but enough to be perceptible.
The 2 other hand, was high over the whole sequence of litters. It may be noted that the curve has a 'hump' between litters 6 and 12. Since the sequence of litters is correlated with time, the rise in proportion of litters affected by losses coincides roughly with the period preceding the changeover to the proprietary tinned food. It seems possible that the scarcity of condemned meat which necessitated the change may have undermined the quality of the diet. The solid curves of Fig. 3 represent litters from all of the queens. However, if allowance is made for those queens which were judged to be unsatisfactory mothers, a different picture emerges for the initial litters.
When the performance of those queens which had only 3 or less litters were deducted from the total results, the effect was quite marked and is shown by the 2 dashed curves in Fig. 3 . The rearing of queens is expensive and there is a natural reluctance to discard any of them without good cause.
Yet some account should be taken of queens with below-average rearing ability since these lower the performance of the colony as a whole and are uneconomic. Similar deductions for queens with less than 4 or less than 5 litters did not show such dramatic falls in the percentage loss. The implication is that queens which rear 3 litters satisfactorily will continue to do so, but those with a bad record for the first 3 litters are unlikely to show an improved performance later.
An attempt was made to check on the amount of between-parity as against within-parity variation for litter size and for loss of young per litter. An analysis of variance was computed for each variable but with negative results. This result could be expected, since the queens were not inbred and the indi-vidual litters could have been sired by any of the stud males of the day. The only effects which might emerge are maternal factors peculiar to certain queens, or sex-limited factors again peculiar to certain queens.
Seemingly, the magnitudes of these effects (if such exist) were too small to be detected against the general variability.
Seasonal variation of litters
The female cat is capable of producing litters throughout the year, but the peak production is during the very early spring months, and again in the summer and autumn months. This is shown in Fig. 4 , where the histogram shows the monthly trend in percentage occurrence of the total 973 litters considered over the entire 1958-1968 period. The resultant figure is bimodal, the modes occurring for February and for July. In general, the profile of the figure agrees with those published by Scott & Lloyd-Jacob (1955) , Short & Lamotte (1958) , Lamotte & Short (1966) , and Reinert & Smith (1966) . Fig. 4 shows the combination of 10 years breeding, but when the curves for each year are examined individually, an only slightly different picture emerges. The early peak is clearly manifested, with the month of February recurring but, in 4 instances, the month of January has produced an equal AND H. W. COX number of litters. In one year, the peak month was March and in another, April.
Thus there can be minor variation between years. The summer peak is even less well defined on a yearly basis. The peak may occur with almost equal frequency for June, July or August, or even September.
This spread is due largely to the fact that while most queens have 2 litters per year they are not spaced regularly, and some queens may have 3. In the present data, the poorest month for parturitions was May and this fact is also evident for the yearly analysis. 1.7 1.5 13.7 6.0
Close scrutiny of the entries in Table 4 gives the impression that the distribution of parturitions per month was becoming more uniform for each passing year. This is shown by the inserted means in Fig. 4 . The total data is partitioned into litters born during 1958-1963 (448 litters) and those born during 1964-1968 (525 litters) .
The percentages per month for the first period tend to be in excess of the mean for the whole period for the modal months but equal to or below the me~ns for the other months.
One explanation could be that the queens bred in the colony were attaining puberty in batches, and young females reserved for breeding from these also tend to mature more or less simultaneously, and so on. However, this explanation can only be partially true at best because the bimodal distribution is too persistent. This is interesting because an attempt has been made to prevent external stimuli from affecting the reproductive cycle. The diet is held as constant as possible from month to month, the temperature is held reasonably constant (subject to an inability to combat extremes of winter or summer variations), and fluorescent lighting supplements the hours of daylight during the months of October to March.
The aim here is 14 hours of continuous illumination, which is in line with the recommendation of Scott & Lloyd-Jacob (1959) for obviating prolonged anoestrus.
The 14-hour light regime was instituted in October 1960, shortly after the colony became fully functional.
These measures have been successful in the main, but apparently not entirely so. Perhaps some internal rhythm exists in the female cat which cannot be so easily set aside. However, while this is doubtless a valid speculation, it must be borne in mind that this problem has not been tackled systematically (such as by the total elimination of daylight and the substitution of artificial lighting of optimum intensity, or by the provision of absolutely unvarying temperatures). The one factor which may be exerting an influence is change in the quality of daylight.
The influence of seasonal variation can be discerned in the mean litter size (number of young born) per month as shown by row (a) of Table 4 . The values of the means indicate that summer-born litters are on the average larger than those born in the winter. This is supported by the analysis of variance of Table 5 , which reveals unmistakable evidence for significant differences between the monthly means.
The trend to some extent parallels that for the mean number of litters born per month, as if a common stimulating factor were involved.
However, this proclivity is not supported statistically, for a correlation analysis between the mean number of litters and mean litter size (both per month) yielded the insignificant coefficient of r=0.16±0.31 (5E). The influence of seasonal factors is clearly manifest in the vanatlon of mortality among the kittens throughout the year. Three aspects of this are shown in the lower part of Table 4 . In each of the variables defined as (b), (c) and (d) in the table, the incidence is greater for the winter months (October to March; particularly for November to January) than for the summer months.
In the case of (b) the percentage of litters affected by losses among the kittens, the heterogeneity between the monthly means is shown by the significant X 2 =25.09 for 11 d.f. (P<O.OOI).
An identical pattern (if not somewhat more marked) is exhibited by (d) the percentage loss of entire litters (X 2=40.15, d.f.=l1, P<O.OOI).
Of more practical import is the mean loss of young per litter so affected.
Over all of the data, a little under 50 per cent of litters are affected, but the amount of loss is not evenly distributed throughout the year. The lightest losses occur for the months of June to August and the heaviest for the months of November to February.
The significance of this variability is brought out by the analysis of variance of Table 6 . 
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The demonstration of seasonal mortality is probably the best argument for the operation of environmental factors. It is possible that the mortality could be an aspect of the internal rhythm of female reproductive performance, such as is tentatively proposed for the seasonal variation in frequency of litters, although this does not seem probable.
To this extent, the seasonal nature of the incidence of mortality lends support to the idea that it is environmental influence, not internal rhythm, that determines the productivity as well.
It should be remembered that, in the interpretation of some of the variables considered, the prime determinants (environmental or otherwise) may be operating prior to parturition-certainly throughout gestation, and probably even before conception.
Productivity
Productivity, in terms of mean number of litters per queen per year, was 2.5 over the whole 10 years, ranging from 2.3 to 2.8 per year. The mean number of kittens was 10.8 (range 8.8-12.6 ) per year. The mean number weaned per queen per year was 9.4, representing a loss of about 13 per cent.
A rate of 2.5 litters per year implies an average interval between parturitions of 21 weeks. This interval seems too short (possibly because the mean number of breeding queens has been underestimated at 40 animals) since a direct count of the interval for a sample of queens gave a mean of 22.5 weeks for summer months and 28.8 weeks for winter months, with a grand mean of 25 weeks. The latter value implies a theoretical mean of 46 queens actually breeding.
On this basis, the mean number of kittens and litters per queen per year is 9.1 and 2.1 respectively, figures not greatly different from those given earlier.
DISCUSSION
Though the amount of data on reproductive performance in cats is not large, several reports provide useful information (Hall & Pierce, 1934 Reinert & Smith, 1966) , and Table 8 presents a summary of the main items to emerge. No one would expect the performance of different colonies to agree in detail, if only because of the many unstandardized (and probably unstandardizable) variables which are present. For this reason it may be wise not to make too much of any detectable differences. In any case, detectable differences cannot always be simply interpreted. The mean number of kittens born differs between the various colonies, and the analysis of variance of Table 7 shows that the differences are significant for at least 3 colonies (those with the standard errors to the means of Table  8 ). These differences could indicate that the colonies differ in relative innate fecundity of the queens, in the incidence of foetal atrophy, or in an important component of either the diet or husbandry which has an influence on kitten survival.
The problem requires experimental elucidation, without which further speculation is fruitless.
The data on productivity in Table 8 are mainly illustrative, since not all of the colonies were organised for maximum productivity.
However, it is possible to observe how the measures of productivity are affected by the underlying components.
A slightly smaller mean litter size can be offset by a lower level of loss before weaning and large mean numbers of litters per queen to give a higher mean number of weaned kittens.
In any comparative appraisal of this nature, it is imperative to give details of the basic factors which are involved. • Adjusted to allow for absence of male. tStandard error. ACKNOWLEDGEMENT We should like to thank Mr T. C. Rouse for his able technical assistance.
